Antibiotic prophylaxis after basilar skull fractures remains controversial. Previous studies have not clearly delineated the utility of prophylactic antibiotics in this setting. We undertook this study to determine if antibiotic prophylaxis after basilar skull fractures prevented meningitis. We performed a formal systematic review of previously published studies after a computerized search with use of the MEDLINE data base (1970 -1996). Fourteen studies were identified, and 12 studies met the criteria for inclusion. Study design and quality were assessed by two independent investigators with use of a predetermined protocol. We searched the medical literature for published studies conskull fracture varies from 9.2% to 17.8% and can be as high cerning the use of prophylactic antibiotics for prevention of as 50% if CSF leakage is present [3 -5].
Basilar skull fractures account for 19% (range, 3% -24%)
vents the development of bacterial meningitis in patients with basilar skull fractures. of all skull fractures [1, 2] . Bacterial meningitis, one of the most serious complications of basilar skull fracture, is attributed to communication of the subarachnoid space with contaminated extracranial cavities of the paranasal sinuses, nasopharynx, or Materials and Methods middle ear. The reported incidence of meningitis after basilar
We searched the medical literature for published studies conskull fracture varies from 9.2% to 17.8% and can be as high cerning the use of prophylactic antibiotics for prevention of as 50% if CSF leakage is present [3 -5] .
meningitis after basilar skull fracture. Computerized searches It has been suggested that meningitis after basilar skull fracusing MEDLINE between 1970 and 1996 were performed indeture might be prevented with the use of prophylactic antibiotics pendently by two different investigators and a professional [6, 7] ; however, such antibiotic prophylaxis remains controvermedical librarian using the following key words: basilar skull sial. Some experts recommend against the use of prophylactic fracture, meningitis, and antibiotics. Those original articles antibiotics [1, 2, 4, 8, 9] , whereas others recommend routine and abstracts that indicated antibiotic use for prevention of antibiotic prophylaxis for a period ranging from 3 -14 days or meningitis among patients with basilar skull fractures were until 1 week after CSF leakage has resolved [6, 10, 11] . Most evaluated. Bibliographies of all relevant original articles and studies performed to date are retrospective and do not show a review articles were examined to identify any additional studdifference in the development of meningitis among patients ies. All reports were reviewed by two separate investigators who receive antibiotic prophylaxis vs. those who do not. In who were blinded to one another's review strategies. The qualaddition, because of the small samples there is insufficient ity of each study was evaluated according to a previously pubpower to demonstrate statistically significant differences belished instrument for assessing validity of primary studies and tween patients who did and patients who did not receive proassigned a score ranging from 0 to 12 [12] . A third investigator phylactic antibiotics.
served as a referee for the first two investigators in the event Meta-analysis can generate a more precise estimate of treatof any significant disagreements. ment effect by combining results across many studies and thus For each article, a two-by-two contingency table was created increasing the statistical power and precision. We applied metato summarize the number of patients reported as having meninanalytic techniques to determine if antibiotic prophylaxis pregitis or not having meningitis in each group, and those who did not receive antibiotics vs. those who received antibiotics. The measure of effect was taken as the change in odds of infection for subjects not receiving prophylactic antibiotics rel-365 CID 1998;27 (August) Basilar Skull Fractures study by using methods developed initially by Mehta et al. was started within the first 72 hours of hospitalization and continued for 3 days to at least 1 week after CSF leakage had [13] and available from the EGRET epidemiological statistics software (version 1; Cytel Software, Cambridge, MA) [13] . An resolved. Information about the specific length of follow-up was insufficient. Table 1 summarizes the description of the exact common OR test was also performed using EGRET to determine if corresponding ORs from individual studies difstudies. A total of 1,241 patients with diagnoses of basilar skull fractures were analyzed. Of these, 719 patients received fered significantly among each other. If the common OR test was not significant, EGRET was used to estimate an exact antibiotics and 522 did not receive antibiotics. None of the individual study ORs for meningitis risk (no prophylactic anticommon OR with 95% CI. The OR for meningitis risk that could be detected with a power of 80% at a significance level of biotics vs. prophylactic antibiotics) differed significantly from 1. An OR could not be estimated for the study by Einhorn and .05, given the overall meta-analysis sample size and individual study sample fractions and meningitis rates, was also computed Mizrahi [14] because of the absence of cases of meningitis in either group. ORs estimated for the other 11 individual studies using the statistical power calculation module (SIZ module) of EGRET. Because CSF leakage has been associated with a ranged from zero to infinity. There were no significant differences among the ORs estimated for individual studies greater risk of meningitis, an additional analysis using similar methods was done for this subgroup of patients.
(P Å .443). The common OR estimated across all studies (OR Å 1.15; CI Å 0.68 -1.94; P Å .678), although indicating To assess the influence of individual studies on the estimated common OR, a sensitivity analysis was carried out by eliminatdecreased meningitis risk among patients treated with prophylactic antibiotics, did not differ significantly from 1. Retrospecing each of the 12 studies one at a time and reestimating the common OR and 95% CIs for the remaining 11 studies and, tive analysis of statistical power indicated that, given the overall sample size and individual study sample fractions and finally, comparing the OR and CI for the 11 studies to the common OR estimate for the 12 studies analyzed together. In reported meningitis rates, an OR of ú1.62 could be detected with 80% power at a significance level of .05. Results for a similar manner, common ORs and 95% CIs were estimated separately for the two prospective studies and the 10 retrospecindividual study analyses and combined study analyses are summarized in table 2 and figure 1. tive studies.
A sensitivity analysis was performed to assess the influence of individual studies on the results of the meta-analysis by Results excluding each of the 12 studies one by one and reperforming the meta-analysis on the remaining 11 studies. The common A total of 14 studies were identified. Two studies were excluded from the analysis because no specific data could be OR estimated for these 12 separate analyses with 11 studies ranged from 0.99 to 1.31. As was the case with the common extracted. One of these two studies was published by Hoff and Brewin [1] , in a letter to the editor, and described 160 patients OR of the 12 studies analyzed together (OR Å 1.15), the common ORs estimated in the sensitivity analysis did not differ with basilar skull fractures and no CSF leakage, randomized blindly to receive either one of two different prophylactic antisignificantly from 1 (P Å .329 -.728). The exclusion of the study by Eljamel [19] , which had both the largest number of biotic regimens or no prophylactic antibiotics. No cases of meningitis developed within the three groups, but no data about patients and cases of meningitis, had the greatest effect on the precision of the common OR estimate, not surprisingly yielding the patients were available for analysis [1] . The other excluded study was published by Leech and Paterson in 1973 [6] and the widest 11-study 95% CI among all intervals estimated in the sensitivity analysis (OR Å 0.99; 95% CI Å 0.42 -2.25). retrospectively compared the conservative and operative management of basilar skull fractures with CSF leakage. In addi-
The common OR estimated separately for retrospective studies was 1.17 (95% CI Å 0.68 -2.01; P Å .706) and for the prospection, the authors compared the incidence of meningitis associated with rhinorrhea and otorrhea. Data regarding the use of tive studies was 0.68 (95% CI Å 0.01 -13.77; P Å .187). prophylactic antibiotics in the two groups of patients could not be adequately determined.
Antibiotic Prophylaxis in Patients with Basilar Skull Fractures
Of the 12 studies selected for meta-analysis, nine were retroand CSF Leakage spective [11, 14 -21] , two were prospective and randomized [22, 23] , and one was a combined prospective-retrospective Data from nine studies that included patients with CSF leakage were available for comparison and analysis [11, 14, 15, 17 , 20-study [2] . Among the retrospective studies different antibiotic regimens were used, including penicillins (penicillin G, ampi-23]. These nine studies described 547 patients with CSF leakage, 297 of whom received prophylactic antibiotics (29 developed cillin, or semisynthetic penicillin alone or in combination), first-generation cephalosporins, chloramphenicol, sulfonmeningitis) and 250 of whom did not (34 developed meningitis). When studies were analyzed individually, none of the estimated amides, and gentamicin in combination with penicillin. In the more recent studies, third-generation cephalosporins were used.
ORs differed significantly from 1. The P value for the common OR test (P Å .278) indicated that there were no significant differIn the two prospective studies, ceftriaxone, ampicillin/sulfadiazine, and penicillin were used. In all studies, antibiotic therapy ences among the ORs estimated for individual studies. The com-/ 9C52$$AU34 07-09-98 19:53:09 cida UC: CID figure 2 ).
Eljamel [19] reported 6.6% and 9.12% incidences of menstudies were available for meta-analysis. A total of 179 patients were analyzed; 70 patients had CSF rhinorrhea, and 109 paingitis during the first week after basilar skull fractures among patients receiving and not receiving prophylactic antients had CSF otorrhea. ORs could not be estimated for two studies because there were no cases of meningitis reported [14, tibiotics, respectively. He also described the largest number of patients with unrepaired CSF fistulae. There was no statis-18]. Among the patients with CSF rhinorrhea, four patients developed meningitis, and among the patients with CSF otortically significant difference in the risk of meningitis for either group (OR Å 1.28; 95% CI Å 0.63 -2.63; P Å .57).
rhea, three developed meningitis. The site of CSF leakage (rhinorrhea vs. otorrhea) was not a predictor of risk for meningitis. Overall results were relatively unaffected by exclusion of this study in the sensitivity analysis. Analysis of statistical
The common OR did not differ significantly from 1 (P Å .261). There were no significant differences among the ORs estimated power indicated that, given the overall sample size, individual study sample fractions, and reported meningitis rates, for the individual studies. The common OR estimated across [14] did not report any cases of meningitis among 46 children with basilar skull fractures; 34 patients received prophylactic antibiotics, and 32 did not, and only seven children had CSF leakage. Although the sample was small, antibiotic prophylaxis after basilar skull fractures in children did not appear to prevent meningitis (OR Å 1.04; 95% CI Å 0.07 -14.90; P Å 1.000).
Discussion
Antibiotic prophylaxis after basilar skull fracture, with or without CSF leakage, remains controversial because the proponents of prophylactic antibiotic use believe that because CSF is exposed to potentially pathogenic organisms in the upper respiratory tract (nose or ear), patients with basilar skull fractures are at increased risk for meningitis and would thus benefit from antibiotic prophylaxis. The opponents argue that antibiotic prophylaxis contributes to the development of potentially resis- estimated for the Einhorn and Mizrahi study [14] because there were no meningitis cases observed in that study.)
Rathore [9] , in a review of the articles published between 1970 and 1989, found 848 cases of basilar skull fractures (519 received antibiotic prophylaxis and 8% developed meningitis) and concluded that antibiotics are not useful in preventing all the studies (OR Å 1.74; 95% CI Å 0.26 -13.36; P Å .772) did not differ significantly from 1.
meningitis after basilar skull fracture [9] . The overall results of this meta-analysis of 1,241 patients among 12 published studies suggest that antibiotic prophylaxis
Basilar Skull Fractures Among Children
does not decrease the risk of meningitis. The common OR of 1.15, although indicating an increased meningitis risk among Three studies were performed exclusively in children and included 131 patients with basilar skull fractures [14, 18, 21] .
patients not treated with antibiotics, did not reach statistical significance. A similar result was evident for patients with Fifty-seven children received prophylactic antibiotics, and 74 did not. Four patients (3%) developed meningitis, and all of CSF leakage. At 80% power, the meta-analysis could detect a Children represent a special category. The incidence of baconfidence limit õ.001 (arrows pointing to the left). OR upper silar skull fractures is lower than that for the adult population.
95% confidence limit ú1,000 (arrows pointing to the right). (An Fracture of the skull is said to occur among 6% -14% of chil-OR and CI could not be estimated for the Einhorn and Mizrahi dren with head trauma [24 -26] . Second, the adult-to-child ratio study [14] because there were no meningitis cases observed in that for traumatic CSF fistulae is Ç10:1. This lower incidence is study.) thought to be related to the flexibility of children's skull bases and to the underdevelopment of the ethmoid, frontal, and masminimum of 62% increase in the odds of developing meningitis toid air cells. Third, CSF otorrhea is more common among among untreated patients relative to patients treated with antibichildren than is CSF rhinorrhea, perhaps because of the higher otics. Thus, if a true meningitis rate of 8% is assumed for incidence of temporal-bone fractures in children [21 -26] . Lau untreated patients, a decrease in the true rate to 5% for patients and Kenna [8] reported an incidence of posttraumatic meningitreated with antibiotics could be detected with adequate statistitis of 0.38% in a 15-year review of children hospitalized with cal power.
head injuries [8] . Liu-Shindo et al. [27] , in a series of 62 The incidence of bacterial meningitis is increased with bachildren with basilar skull fractures, reported two cases of mensilar skull fractures and CSF leakage [3, 4, 24] . Most CSF ingitis, both associated with fractures of the paranasal sinuses. fistulae will resolve during the first 7 -10 days after a fracture;
In our review, only four cases of meningitis were reported surgical intervention is indicated if CSF leakage persists for among the studies of children, for an incidence of 3%. Although several weeks [24, 25] . Surgery is seldom indicated during the the number of children is small, the use of antibiotic prophyacute phase, given that there is no difference in outcome with laxis in children with CSF leakage after basilar skull fracture surgical repair during the first week [4] . Antibiotics are usually did not prevent the development of meningitis and thus should selected on the basis of the nasopharyngeal flora being the not be recommended on a routine basis. source of the infection, and selection varies widely among different institutions. The length of overall follow-up is important to assess the long-term outcome for patients who may 
